Abstract. We show that the forward-jet measurements performed at HERA allow for a detailed study of corrections due to next-to-leading logarithms (NLL) in the Balitsky-Fadin-Kuraev-Lipatov (BFKL) approach. While the description of the dσ/ dx data shows small sensitivity to NLL-BFKL corrections, these can be tested by the triple differential cross section d 3 σ/ dx dk 2 T dQ 2 recently measured. These data can be successfully described using a renormalization-group improved NLL kernel, while the standard nextto-leading-order QCD or leading-logarithm BFKL approaches fail to describe the same data in the whole kinematic range. We present a detailed analysis of the NLL scheme and renormalization-scale dependences and also discuss the photon impact factors.
Introduction
Forward-jet production in lepton-proton deep inelastic scattering is a process in which a jet is detected at forward rapidities in the direction of the proton. This process is characterized by two hard scales: Q 2 , the virtuality of the intermediate photon that undergoes the hadronic interaction, and k 2 T , the squared transverse momentum of the forward jet. When the total energy of the photon-proton collision W is sufficiently large, corresponding to a small value of the Bjorken variable x Q 2 /W 2 , forward-jet production is relevant [1] for testing the Balitsky-Fadin-KuraevLipatov (BFKL) approach [2] [3] [4] .
In fixed-order perturbative QCD calculations, the hard cross section is computed at fixed order with respect to α s , and large logarithms coming from the strong ordering between the proton scale and the forward-jet scale are resummed using the Dokshitzer-Gribov-Lipatov-AltarelliParisi (DGLAP) evolution equation [5] [6] [7] [8] . However, in the small-x regime, other large logarithms arise in the hard cross section itself, due to the strong ordering between the energy W and the hard scales. These can be resummed using the BFKL equation, at leading (LL) and next-toleading (NLL) logarithmic accuracy [2] [3] [4] [9] [10] [11] .
It has been shown that the H1 and ZEUS dσ/ dx forward-jet data [12] [13] [14] [15] [16, 17] , while fixed-order perturbative QCD predictions at next-to-leading order (NLOQCD) fail to describe the data, underestimating the cross section by a factor of about 2 at small values of x. However, these tests on the relevance of BFKL dynamics have not been considered fully conclusive. On the theoretical side, it has been found that NLL-BFKL corrections [9] [10] [11] could be large enough to invalidate the tests. On the phenomenological side, other models such as DGLAP evolution with a "resolved" photon [18] could increase the NLOQCD predictions and come to reasonable agreement with the data.
The recent experimental forward-jet measurements [12, 13] performed at HERA motivate a new phenomenological analysis of BFKL effects in forward-jet cross sections. In particular, the triple differential cross section dσ/ dxdk 2 T dQ 2 , allows for a detailed study of the QCD dynamics of forward jets. Contrary to the dσ/ dx data, which were obtained with kinematical cuts such that r = k 2 T /Q 2 ∼ 1, the triple differential cross section is measured with different sets of cuts such that the data are also sensitive to the regime r 1, where the two hard scales of the problem are somewhat ordered. While LL-BFKL predictions describe well the data obtained with r ∼ 1, it was noticed [17] that they fail to describe the r 1 regime, indicating the need for NLL-BFKL corrections.
It was known that NLL-BFKL corrections could be large due to the appearance of spurious singularities in contradiction with renormalization-group requirements. However, it has been realized [19] [20] [21] that a renormalizationgroup improved NLL-BFKL regularization can solve the singularity problem and lead to reasonable NLL-BFKL 260 O. Kepka et al.: Next-to-leading BFKL phenomenology of forward-jet cross sections at HERA kernels (see also [22] [23] [24] for different approaches). This motivates the present phenomenological study of NLL-BFKL effects in forward-jet production. Even though the determination of the next-to-leading impact factors is still in progress [25] [26] [27] , our analysis allows us to study the NLL-BFKL framework and the remaining ambiguity corresponding to the dependence on the specific regularization scheme. Our goal is to confront the new experimental data, in particular the triple differential cross section, to NLL-BFKL predictions in different schemes.
In [28] , such a phenomenological investigation has been devoted to the proton structure function data, taking into account NLL-BFKL effects through an "effective kernel" (introduced in [20, 21] ) using different schemes. A saddlepoint approximation for hard enough scales was used to evaluate the BFKL Mellin integration, which allowed one to obtain a phenomenological description of NLL-BFKL effects. In the present study, devoted to forward-jet production, we take into account the proper symmetric twohard-scale feature of the forward-jet problem when introducing the effective kernel, and we implement the NLL-BFKL effects with an exact Mellin integration, rather than a saddle-point approximation.
Some preliminary results, mostly based on the saddlepoint approach, were presented in [29] . They showed the potential of forward-jet data on dσ/ dx and specially dσ/ dxdk 2 T dQ 2 to discuss NLL effects in the BFKL approach. In this paper, we systematically use an exact Mellin integration, and we present a detailed analysis of the NLL scheme and scale dependences and also discuss the sensitivity of our NLL-BFKL descriptions with respect to the photon impact factors. We also study the NLOQCD predictions, testing their relevance by comparing the use of different parton densities and different renormalization and factorization scales.
The plan of the paper is the following. In Sect. 2, we present the phenomenological NLL-BFKL formulation of the forward-jet cross section for the two schemes called S3 and S4, while briefly highlighting the principles of its derivation. In Sect. 3, we compare the predictions of the two NLL-BFKL schemes with the data and also with LL-BFKL and NLOQCD predictions. We discuss the dependence of our results on the choice of the hard scale with which α s is running in Sect. 4, and on the assumption made for the photon impact factors in Sect. 5. Section 6 presents the scale and parton-density dependences of the NLOQCD predictions. Section 7 is devoted to conclusions and an outlook.
